In response to recent advances within the pain sciences, mechanisms-based classifications of pain have been advocated as a means of identifying clinically relevant sub-groups of patients who likely require differing intervention strategies in order to improve clinical outcomes. [1] [2] [3] 'Mechanisms-based classification' refers to the classification of clinical presentations of pain based on assumptions concerning the dominant underlying neurophysiological mechanisms responsible for its generation and/or maintenance. 4, 5 It has been argued that mechanisms-based approaches may better explain observed variations in the nature and severity of many clinical presentations of musculoskeletal pain (e.g. low back (¡leg) pain, whiplash associated disorder): (i) where pain is reported in the absence of or disproportionate to any clearly identifiable pathology; (ii) where pain is reported to persist after the resolution of injury or pathology; (iii) where the severity of pain reported by patients with similar injuries and pathologies differs greatly; and paradoxically (iv) where pain does not exist despite evidence of injury or pathology. 2, 6 In addition, proponents argue that mechanisms-based approaches could optimise clinical outcomes by inviting the selection of specific interventions targeted towards the dominant underlying mechanisms of pain, 7 however this assertion requires further empirical investigation by means of criterion (predictive and prescriptive) validation. In one approach, three mechanisms-based categorizations relevant to patients with musculoskeletal pain (e.g. low back¡leg pain) have been described including 'nociceptive', 'peripheral neuropathic' and 'central' pain. 2 An outline of the structure of the classification system together with a selected number of category-specific clinical criteria is presented in Fig. 1 . In this approach it is proposed that patients' pain may be classified clinically according to the dominant operant mechanisms responsible for its generation and/or maintenance on the basis of known pathophysiology, clinical patterns of symptoms and signs and logic. 2 The neurophysiological processes underlying each category and a narrative review of the approach have been presented in detail elsewhere. 2, 8, 9 Briefly, pain that is predominantly 'nociceptive' refers to pain arising predominantly from somatic tissues (e.g. intervertebral disk) in response to inflammation or ischemia associated with injury or loading; 'peripheral neuropathic' pain refers to pain arising predominantly from neural tissue (e.g. nerve root) pathology; and 'central' pain refers to those pain states (e.g. severe, chronic disabling low back pain) generated and/or maintained by an assumed dominance of neurophysiological dysfunction (i.e. nociceptive facilitation and/or dis-inhibition) within the diffuse neural networks of the central nervous system responsible for the transmission and mediation of nociception, leading to persistent pain through 'central sensitization/hyper-excitability'. 1 In the absence of any criterion or diagnostic gold standards it has been suggested that pain states characterized by a dominance of 'nociceptive', 'peripheral neuropathic' and 'central' mechanisms may be distinguishable from one another clinically, based on the pattern recognition of clusters of symptoms and signs particular to each category. 2, 10 Employing a methodology considered suitable for classification system development, 11, 12 an expert consensus-derived list of clinical criteria associated with such mechanistic classifications has recently been generated; 13 however, the reliability of clinical judgments and criteria associated with mechanismsbased classifications of pain has not been previously tested. Classification system validation is a multistep process, 14 and proof of reliability is considered a prerequisite of validity, 15 i.e. a classification system cannot be considered valid until its reliability has first been demonstrated, where reliability refers to an assessment procedure with demonstrable reproducibility on repeated administrations of the procedure. 16 Accepting reliability as a prerequisite of validity, the purpose of this study was to assess the inter-and intraexaminer reliability of clinical judgments associated with: (i) mechanisms-based classifications of pain; and (ii) the identification and interpretation of individual symptoms and signs from a Delphi-derived expert consensus list of clinical criteria associated with mechanisms-based classifications of pain 13 in patients with low back (¡leg) pain disorders. 
Methods

Setting and participants
This preliminary reliability study was carried out at two Dublin-based university teaching hospitals between April and October 2008. The ethics and medical research committees of each institution reviewed and approved the study protocols. Participants in the inter-examiner reliability study included a conveniently sampled cohort of 40 patients referred to the Back Pain Screening Clinic of The Adelaide and Meath Hospital (Dublin); the intrareliability study included a separate cohort of 40 patients referred to the Physiotherapy Department of St Vincent's University Hospital (Dublin). Patients of 18 years of age or older referred with low back (¡leg) pain were eligible for inclusion. Exclusion criteria included patients with a history of diabetes, central nervous system injury (e.g. stroke), pregnancy or non-musculoskeletal low back pain. All patients gave signed informed consent prior to their participation in the study. Forty patients were recruited into each study based on sample size estimates for detecting a kappa coefficient of 0.5 with an alpha level of 0.05 and a beta level of 0.2, with a two-tailed hypothesis. 17 Patient demographics for each study are detailed in Table 1 . The examiners consisted of one senior musculoskeletal physical therapist (KS) and one clinical specialist (Back Pain Screening Clinic) (AC) physical therapist, with 11 and 10 years experience respectively as specialists in musculoskeletal physiotherapy. Both examiners possessed 'master of science' level qualifications in physical therapy.
Prior to participation each examiner consulted an assessment manual containing definitions of terms and guidelines for the standardized assessment and interpretation of all subjective and clinical examination criteria. The assessment protocol was developed in part by one examiner (KS) who also delivered a 2-hour assessment protocol training session to the other (AC) in order to clarify and confirm understanding of the assessment procedure.
Procedure
The clinical interview and examination procedures followed a standardized format based on accepted clinical practice. 18 During the clinical interview, patients were encouraged to disclose details of their low back pain history, current symptomology, and its behavior. Patients were also screened for 'red' and 'yellow' flags associated with serious spinal pathology and psychosocial mediators, respectively. The clinical examination included postural, movement, and neurological-based assessments. A number of additional subjective (e.g. spontaneous, paroxysmal, and dysesthetic pain) and clinical examination Delphi-derived criteria (e.g. allodynia, hyperalgesia, hyperpathia, and nerve palpation) were also assessed. The inter-examiner reliability study employed a simultaneous examiner design, whereby each patient was interviewed and examined by one clinician (AC), whilst the other (KS) observed, in order to ensure that examiners witnessed and interpreted identical patient responses to both the clinical history and examination. This approach was used because of the potential for repeated clinical interviews and tests to lead to variable responses and has been employed in similar reliability studies. 19, 20 For the intra-examiner reliability study, each patient was assessed by the same clinician (KS) on two separate occasions (mean number of days between assessments 511, SD 59.0, range 6-56).
After each clinical assessment, examiners were required to: Tables 2 and 3) . 13 Response options for each criterion included 'present', 'absent', or 'don't know'. Pain classification and completion of the CCC was performed independently by each clinician.
Data analysis
The inter-and intra-examiner reliability of: (i) examiners' mechanisms-based pain classifications; and (ii) each clinical criterion were analyzed using kappa coefficients with two-sided 95% confidence intervals (CIs) and percentage of agreement. 15 The kappa statistic is considered an appropriate method for calculating agreement beyond chance. 21 Percentage of agreement values were also calculated in order to provide a measure of agreement for those criteria where kappa could not be calculated, i.e. where the rating for a criterion was a constant according to either observer or secondary to incomplete cell filling. 22, 23 Data were analyzed using the Statistical Package for the Social Sciences (SPSS) for Windows version 14.0 (SPSS Inc., Chicago, IL, USA) and Graphpad (www.graphpad.com/quickcalcs/ kappa1.cfm). Interpretations of kappa coefficients were based on distinctions outlined by Landis and Koch. 24 For the purpose of this study 'clinically acceptable' reliability was defined as kappa >0.61 or in the absence of kappa a percentage agreement of >80%. Inter-and intra-examiner kappa and percentage of agreement values for each subjective and clinical examination criterion on the 38-item CCC are displayed in Tables 2 and 3 . Sixty-eight (26 out of 38) and 95% (36 out of 38) of items on the CCC demonstrated clinically acceptable inter-and intraexaminer reliability respectively.
Discussion
As part of the process towards the development and validation of mechanisms-based classifications of musculoskeletal pain, this study evaluated the reliability of clinical judgments associated with: (i) mechanisms-based classifications of pain; and (ii) a Delphi-derived expert consensus list of clinical criteria associated with mechanisms-based classifications of pain, in a patient population with low back (¡leg) pain. For a classification system to be valid it must be reliable, i.e. the clinical judgments and criteria that determine group membership must be reproducible and identifiable in a consistent manner. 27 The inter-and intra-examiner agreement of clinical judgments associated with mechanisms-based classifications of low back (¡leg) pain was 'substantial' (kappa 50.77) to 'almost perfect' (kappa 50.96), respectively. The findings from this study provide some preliminary evidence that clinical judgments associated with mechanisms-based classifications of pain may have acceptable clinical reliability. However the reliability (and validity) of clinical judgments related to mechanisms-based classifications of pain should be interpreted with caution. At present, mechanisms-based classifications undertaken clinically are predicated upon the identification of clusters of symptoms and signs which are in turn assumed to arise from and reflect the dominant pain generating mechanisms. 2, 9, 28 However, the extent to which clinicians may validly equate clinical phenomenology (i.e. patterns of symptoms and signs) with the underlying pathophysiological pain mechanisms is uncertain. 29, 30 This is because clinical pain is invariably the result of multiple pathophysiological mechanisms 31 and because a single pain-related clinical finding (e.g. allodynia) may occur as a result of a number of different mechanisms. 32 In light of these limitations mechanisms-based classifications of pain should at best be viewed as clinically-oriented indirect classifications based on the identification of Note: CI, confidence interval. *Non-steroidal anti-inflammatory drugs. symptoms and signs presumed to reflect the underlying dominant pain generating mechanisms rather than direct classifications based on neurophysiology.
As an alternative to clinical judgment, a number of generic 33 and back-pain specific 34 screening instruments for use in clinical practice have been developed in order to help clinicians identify a dominance of (peripheral) neuropathic pain. The propensity of these tools to dichotomize pain as arising from a dominance of either 'nociceptive' or 'peripheral neuropathic' mechanisms limits their ability to screen for the presence of other potentially dominant pain states such as central hyper-excitability/sensitization 1 for which validated screening instruments do not currently exist.
Results from the inter-examiner reliability study revealed clinically acceptable reliability for 58% (n515) of the 26 subjective items on the CCC as compared to 96% (n525) in the intra-observer study. These figures contrast with those associated with the 12 'clinical examination' criteria where 92% (n511) of criteria demonstrated equivalent levels of inter-and intra-examiner agreement. This finding could suggest that clinicians may interpret patients' responses to clinical tests more reliably than their responses to clinical interview questions.
This preliminary reliability study found varying ('slight' to 'almost perfect') levels of inter-examiner agreement associated with the clinicians' interpretations of patients responses to clinical interview questions designed to elicit those symptoms associated with 'nociceptive', 'peripheral neuropathic', and 'central' pain. For example, the inter-examiner reliability of neuropathic pain descriptors evaluated in the present study (criterion 7) was 'fair' (kappa 50.33). In an inter-tester reliability study of the clinical questions and tests associated with diagnostic triage of non-specific low back pain involving 301 patients and 27 pairs of independent examiners, McCarthy et al. 35 found moderate levels (kappa 50.46-0.58) of inter-tester reliability associated with the identification of qualitative pain descriptors (dull, sharp, deep, superficial, throbs) deemed suggestive of nerve root pathology (i.e. peripheral neuropathic pain). According to our criteria (kappa >0.61), these findings suggest that the identification of neuropathic descriptors by clinicians may be clinically unreliable. Should this finding be replicated it may suggest that screening instruments rather than individual clinical judgments should be used to screen for the presence of (peripheral) neuropathic pain.
The inter-examiner reliability of clinical judgments associated with the geography of patients' pain (e.g. criterion 8: localized; criterion 9: dermatomal distribution) was 'fair' to 'substantial' (kappa 50. 40-0.65 ). This finding is comparable to that reported by McCarthy et al. 35 whose examiners were required to discern between a dominance of leg (kappa 50.57) versus back pain (kappa 50.46). Together, these findings suggest that clinical judgments regarding leg/ dermatomal pain may be more reliable than judgments related to the localized nature of low back pain. However, lower reliability levels associated with the identification of radicular distributions of pain have also been reported. In a study of the interobserver reliability of symptoms and signs associated with nerve root pathology involving 91 patients and two pairs of independent examiners, Vroomen et al.
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found 'fair' agreement (kappa 5 0.24) between clinicians ability to identify a 'typical radiation pattern of pain'. Taken together and by the criteria employed in this study, these findings suggest that overall the reliability of clinical judgments related to the geography of patients' pain may be clinically unacceptable.
International guidelines recommend the assessment of psychosocial risk factors (e.g. maladaptive beliefs and behaviours; family, work and social issues) as prognostic indicators for poor recovery from episodes of low back pain. 37, 38 The inter-examiner agreement of a general criterion (criterion 25) related to the identification of maladaptive psychosocial issues in this study was moderate (kappa 50.42), a finding consistent with the 'fair to moderate' (kappa 50.29-0.58) levels of inter-tester agreement associated with various individual psychosocial 'yellow flags' found by others. 35 Together these data suggest that clinicians may not be able to identify psychosocial risk factors from the clinical interview with a clinically acceptable degree of reliability. Considering their importance as prognostic indicators, 39 upon which important clinical decisions may be based, the reasons for this clinically insufficient level of reliability warrants further exploration. As with neuropathic pain, existing screening instruments may assist clinicians to identify psychosocial risk factors more reliably.
A recent systematic review of the reliability of clinical examination procedures in non-specific low back pain found generally low levels of reliability associated with palpation and symptom responsebased examination procedures. 40 However, where clinical criteria are considered to have important clinical value then efforts may be required to: (i) standardize and operationalize the criterion in a way that improves its reliability whilst maintaining its diagnostic/clinical value; and (ii) improve training in a way that allows clinicians to assess the criterion more reliably. 41 This pilot study found varying ('fair' to 'almost perfect') levels of inter-examiner agreement associated with clinicians' interpretations of patients responses to clinical tests associated with 'nociceptive', 'peripheral neuropathic' and 'central' pain. For example, 'antalgic (i.e. pain relieving) postures/movement patterns' (e.g. Gower's sign 42 or holding a limb in a flexed position in order to unload sensitive neural tissues 43 20 evaluated the reliability of the SLR as part of a battery of physical examination items involving 95 patients with low back pain using a simultaneous examiner design and found 'almost perfect' agreement (kappa 50.93). Overall, the SLR appears to have clinically acceptable reliability as a pain provocation test.
Limitations
The findings from this reliability study should be considered preliminary and interpreted in light of a number of methodological limitations. The simultaneous examiner design may have introduced bias towards inflated levels of inter-examiner agreement since it does not take account of the potential variability's in assessments and patient-therapist interactions that would otherwise occur in an independent-examiner design and which might be expected to produce lower levels of agreement. Therefore, the reliability of clinical judgments linked to mechanisms-based classifications and associated clinical criteria should be tested using a more robust design employing a larger patient sample and multiple independent examiners. 40 Also, the levels of agreement associated with the intra-examiner study could be inflated secondary to recall bias and the fact that one of the raters helped develop the system and thus had intimate knowledge of it. Also, the examiners in this study had over 10 years experience in musculoskeletal-based physical therapy assessments. As such the results of this study may not generalize to clinicians less acquainted with mechanisms-based approaches or those with less experience. This study has endeavoured to make some comparisons with reliability data reported in the relevant literature; however, direct comparisons may be inappropriate considering differences in experimental design, statistical analyses, assessment scales, patient populations, the prevalence of criteria/disease states and bias between raters.
17,27
Conclusion
This study provides some preliminary evidence supporting the reliability of clinical judgments associated with mechanisms-based classifications of pain in patients with low back (¡leg) pain disorders.
Mixed levels of agreement were demonstrated for the 38-item 'CCC' upon which such classifications may be based. Further empirical studies evaluating the reliability of mechanisms-based classifications of pain using larger patient samples and multiple independent examiners are required to justify this approach in clinical practice.
